INTRODUCTION: Long-acting beta-agonists (LABA) and/or inhaled corticosteroids (ICS) have been shown to reduce COPD exacerbation risk. Using data from a large integrated health-care system, we sought to examine whether these medication classes were initiated after an exacerbation of COPD. METHODS: We identified patients who experienced an inpatient or outpatient COPD exacerbation within the Veterans Affairs Integrated Service Network (VISN)-20.
INTRODUCTION: Long-acting beta-agonists (LABA) and/or inhaled corticosteroids (ICS) have been shown to reduce COPD exacerbation risk. Using data from a large integrated health-care system, we sought to examine whether these medication classes were initiated after an exacerbation of COPD. METHODS: We identified patients who experienced an inpatient or outpatient COPD exacerbation within the Veterans Affairs Integrated Service Network (VISN)-20.
We assessed the addition of a new inhaled therapy (an ICS, LABA or both) within 180 days after the exacerbation. We assessed independent predictors of adding treatment using logistic regression. RESULTS: We identified 45,780 patients with COPD, of whom 2,760 patients experienced an exacerbation of COPD. Of these individuals, 2,570 (93.1 %) were on either none or only one long-acting medication studied (LABA or ICS). In the subsequent 180-day period after their exacerbation, only 875 (34.1 %) patients had at least one of these additional therapies dispensed from a VA pharmacy. Among patients who were treated in the outpatient setting, older age [ Patients who were treated in the hospital had similar associated predictors. CONCLUSION: Among patients treated for an exacerbation of COPD, we found relatively few were subsequently prescribed inhaled therapies known to reduce exacerbations.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a highly prevalent disease affecting up to 10 % of people over the age of 40. 1 Patients who suffer from COPD exacerbations have lower health-care related quality of life compared to those with similar disease severity who do not, 2 and each exacerbation causes a decline in lung function. 3 Multiple randomized controlled trials have demonstrated that longacting beta agonists (LABAs) and inhaled corticosteroids (ICSs) improve symptoms and decrease the frequency of COPD exacerbations. [4] [5] [6] The risk of a subsequent COPD exacerbation is increased in the 8-week period immediately following an episode, 7 suggesting that the period immediately following an exacerbation represents a potential opportunity for disease modifying interventions.
The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines were first published in 2001 and have been updated frequently. 8, 9 This guideline suggests adding inhaled therapies in a step-wise fashion based on clinical history, presence of COPD exacerbations, and pulmonary function testing. The severity of COPD is characterized as stage I, mild (FEV 1 ≥80 % predicted); stage II, moderate (50 %≤FEV 1 <80 % predicted); stage III, severe (30 %≤FEV 1 <50 % predicted); and stage IV, very severe (FEV 1 <30 % predicted or <50 % predicted with respiratory failure). For all disease stages a short-acting beta agonist (SABA) as needed is recommended for symptoms, with the addition of a LABA or long-acting muscarinic antagonist (LAMA) at stage II or greater. ICSs are recommended for stage III or greater if the patient has recurrent exacerbations. 10, 11 Other guidelines like the 2004 American Thoracic Society guidelines recommend adding further medication classes such as LABA or LAMA based on uncontrolled symptoms, with the addition of an ICS for any patient with FEV 1 <50 % predicted with an exacerbation in the past year. 12 The Towards a Revolution in COPD Health (TORCH) trial studied the effect of LABA, ICS, and the combination on a number of factors, and it included patients with FEV 1 <60 %, overlapping with GOLD stage II and III. It did not demonstrate a survival benefit for inhaled therapies, but did show that fluticasone alone, salmeterol alone, and both used in combination decreased the yearly exacerbation rate, 13 and this result has been replicated in other studies. 14 While these guidelines and data are available to clinicians, it is unknown to what extent clinicians adhere to these recommendations after a COPD exacerbation. Studies of guideline adherence in other disease states such as congestive heart failure have shown moderate rates of adherence of about 60 %, 15 with improved guideline adherence associated with decreased hospitalizations and cost. 16 The goal of this study was to examine the variability in the prescription of additional inhaled therapies for COPD in the period following a COPD exacerbation.
METHODS

Design, Setting and Participants
We conducted a nested cohort study of patients experiencing an exacerbation among a larger cohort of patients with COPD receiving care within the VA Integrated Service Network (VISN)-20.
Data Source
We used clinical information from the VISN-20 data warehouse that routinely collects data using the VA electronic medical record. This includes demographics, prescription medications, office visits, inpatient admissions, inpatient and outpatient diagnoses, and pulmonary function testing when available.
Cohort Development: Inclusion and Exclusion Criterion
We developed our cohort in multiple steps by first defining a parent cohort of patients with COPD and then identifying those participants who had an exacerbation within the first 90 days after entry into the cohort (Fig. 1) . To define the parent cohort, we used a validated algorithm combining ICD-9 diagnosis codes (491.X, 492.X , 493.2, 496.X) and inhaled medication use to identify patients with a diagnosis of COPD receiving care at any of the VISN-20 medical centers between January 2001 and December 2006. 17 Specifically, to be included in the cohort, patients were required to have one or more of the following criteria: two or more outpatient visits for COPD in two consecutive years, one or more primary inpatient discharge diagnoses of COPD, filled six or more canisters of albuterol or three or more canisters of ipratropium bromide during a 1-year period, or filled a prescription for either ipratropium bromide MDI or shortacting inhaled bronchodilator nebulizer within 1 year of an outpatient visit for COPD. A similar method has been used with good success using the VA electronic health record to identify COPD registries for quality improvement and research. 18 We defined entry into the cohort (index date) as the date when the patient met entry criteria.
Second, because we were interested in examining clinician prescribing practice after exacerbation, we identified those patients who experienced an inpatient and/or outpatient COPD exacerbation within the first 90 days after entry into the parent cohort. We defined an inpatient COPD exacerbation as a primary ICD-9 discharge diagnosis of COPD (an approach that has been shown to have an extremely high specificity) 16 and an outpatient COPD exacerbation as a visit with a diagnosis of COPD accompanied by a prescription of either an oral steroid or an antibiotic within 2 days of the COPD diagnosis. This combination of ICD-9 codes and pharmacy data to identify COPD exacerbations is similar to that used in previous studies.
14 Third, since we were interested in newly prescribed medications, we excluded patients who were previously dispensed both a LABA and an ICS. We did not exclude patients on tiotroprium, but did not include this medication in our analysis because of its limited use within the VA during the study period. Lastly, we excluded patients with comorbid lung cancer or death within 90 days of the index date.
Outcome Assessment
Our outcome measure was whether patients were dispensed new prescriptions for ICS, LABA or both in the 6-month period after their COPD exacerbation.
Potential Predictors of Change in Therapy
In the 1 year prior to their exacerbation, we collected patient information that we conceptually grouped into one of three categories: (1) demographics and health behaviors (age, BMI, race, smoking status within the past year, and the number of missed appointments); (2) comorbid conditions (congestive heart failure, hypertension, acute coronary syndrome, diabetes, and depression), and (3) markers of disease severity (history of COPD exacerbation within the past year, canisters of SABA filled, and canisters of ipratroprium filled).
Statistical Analysis
Bivariate analysis was performed using the appropriate parametric or non-parametric analyses. We developed multivariable logistic regression models to assess predictors of change in care, with separate models for each group of potential patient predictors described above. To create a parsimonious final adjusted model, variables that achieved p ≤ 0.1 in the preliminary models were added to the final model. We performed separate analyses based on whether patients had had an inpatient or outpatient exacerbation. 
Sensitivity Analysis
A priori, we defined a second cohort of patients undergoing pulmonary function testing at one of three VISN 20 medical centers located throughout the Pacific Northwest between January 2003 and December 2007. For this second cohort, we identified patients with a diagnosis of COPD based upon a post-bronchodilator FEV1/FVC ratio of <0.70. 19 We defined entry (index date) as the date on which the results of the first pulmonary function test (PFT) were recorded. We followed the same steps as above to further define the cohort of interest, outcome and exposure assessment, and analysis plan.
RESULTS
We identified 45,780 patients who met our definition of COPD, 10,728 (23.4 %) of whom were on a LABA and/or ICS in the year prior to cohort entry. Of these patients, 2,760 experienced an inpatient and/or outpatient COPD exacerbation; 190 (6.9 %) were already treated with both a LABA and ICS and were excluded. The remaining 2,570 (93.1 %) were on one or no long-acting medications (Fig. 1 ). Of these 2,570 patients, 644 (25.1 %) were treated with one long-acting agent, and 1,926 (74.9 %) were on neither LABA nor ICS. Of these 2,570 patients, 1,913 patients had an outpatient exacerbation only, 478 patients had an inpatient exacerbation only, and 179 had both an inpatient and outpatient exacerbation, resulting in a total of 2,092 outpatient exacerbations and 657 inpatient exacerbations. Of those 2,092 patients treated in the outpatient setting, in the year prior to study entry 1,520 (72.7 %) patients had received neither ICS nor LABA, 511 patients (24.4 %) had received a prescription for an ICS, and 61 (2.9 %) had received a prescription for a LABA. Likewise, among the 657 patients who experienced an inpatient exacerbation, in the year prior to study entry 532 (81.0 %) of patients had received neither an ICS nor a LABA, 109 (16.6 %) had received an ICS, and 16 (2.4 %) had received a LABA prescription.
As seen in Table 1 , our cohort of patients experiencing a COPD exacerbation consisted of older, predominantly white males with a significant history of tobacco use within the past year and significant number of comorbid illnesses. Among all patients with an exacerbation and the opportunity for an additional long-acting medication to be added, 875 (34.0 %) had a change in therapy in the 6 months following their exacerbation. In bivariate analyses (Table 1) , patients were less likely to have medication added to their regimen if they were older, used greater amounts of short-acting bronchodilators, had an exacerbation in the year prior, and had a greater number of comorbid conditions, specifically hypertension, depression, diabetes, and congestive heart failure.
Change in Therapy after COPD Exacerbation
Among the 2,092 patients who experienced an outpatient exacerbation with the opportunity to add at least one medication, relatively few patients had the addition of one or more therapies in the subsequent 6 months. In total, 739 (35.3 %) patients were prescribed new medication. Of those patients, 148 (20 %) had the addition of LABA, 359 (48.6 %) had the addition of ICS, and 232 (31.4 %) had both medications added.
We found similar results for patients treated in the inpatient setting. Among the 657 patients, 227 (34.6 %) had the addition of an ICS, LABA, or both. Of those Because the literature and guidelines recommend adding LABA and then ICS specifically for recurrent exacerbations, we repeated the analysis for both groups stratified by the occurrence of an exacerbation in the year prior to index date and found the same prescribing patterns (Appendix Table 3 available online).
Predictors of Receiving Additional Therapies
We did not find any predictors associated with increased odds of receiving additional long-acting inhaled therapy among either group of patients. Among patients treated for an outpatient exacerbation, older age, current tobacco use, higher use of ipratropium bromide, history of a prior COPD exacerbation in the past year, depression, or diabetes were associated with lower odds of receiving an ICS, LABA, or both in our final model (see Table 2 ). Base models for the individual groups of predictors can be found in Appendix Table 1 (available online) .
Among individuals who had an inpatient exacerbation and the opportunity for escalation in therapy, several similar factors were associated with a decreased odds of receiving an ICS, LABA, or both: age, history of prior exacerbation, CHF, or depression (see Table 3 ). Base models for the individual groups of predictors can be found in Appendix Table 2 (available online).
Sensitivity Analysis
In order to assess whether our cohort definition may have selected for patients at risk for lower acquisition of medications, we analyzed an additional cohort of patients who had spirometry as part of routine clinical care. Among our validation cohort of 333 patients who had undergone pulmonary function testing and experienced an outpatient exacerbation, 82 (25 %) were treated with both a LABA and ICS in the year prior to study entry and therefore excluded. We identified 251 (75 %) patients with the opportunity for the addition of at least one long-acting agent. Among these 251 patients, at baseline 138 (55.0 %) had not received an ICS or LABA, 80 (31.9 %) had been dispensed an ICS, and 33 (13.1 %) had been dispensed a LABA. Similar to our primary analysis, in the 6 months after the exacerbation, 103 (41.0 %) had the addition of an ICS, LABA, or both, with 24 (9.6 %) of patients receiving an ICS, 9 (3.6 %) a LABA, and 70 (27.9 %) both drugs. There were insufficient inpatient exacerbations to perform similar analyses.
We performed multivariate analysis of our sensitivity cohort which was very similar to our overall cohort, and notable for the fact that lower severity of airflow limitation (defined by FEV 1 percent predicted) was associated with decreased odds of being prescribed ICS, LABA or both drugs.
DISCUSSION
We found that despite efficacy data supporting the addition of ICS and/or LABA, relatively few patients had the addition of one of these medications known to moderate exacerbation risk, and the pattern of prescribing was not guideline adherent. COPD exacerbations are common, 20 adversely affect the quality of life among patients with COPD, and are an important driver of health-care costs. In the 12 months following COPD exacerbations, exacerbations are known to reoccur in up to 50 % of patients, making this an important opportunity to intervene with therapies known to reduce exacerbation risk. Our overall results were robust to cohort definitions and persisted regardless of whether the COPD exacerbation required hospital admission. These results suggest an opportunity to improve processes of care that may reduce the burden associated with COPD exacerbations. The three models used to construct the final model were categorized by demographics and health behaviors, comorbid conditions, and markers of disease severity; these included age, BMI, race, smoking status within the past year, number of missed appointments, history of congestive heart failure, hypertension, acute coronary syndrome, diabetes, or depression, history of COPD exacerbation within the past year, canisters of shortacting beta-agonists (SABA) filled, and canisters of ipratroprium filled. See Appendix Table 1 (available online) for details
Our findings are consistent with other studies that have shown poor adherence to treatment guidelines, although none had examined an extended period immediately after a COPD exacerbation. In a Swiss study of 615 outpatient clinic patients with a diagnosis of COPD, only 50-66 % of patients were prescribed inhaled therapies as recommended by GOLD guidelines. 21 In a separate study of over 2,000 patients admitted for COPD exacerbations, only 58 % were prescribed short-acting bronchodilators at discharge, and 24 % were not prescribed any inhaled therapy at all. 22 Our study adds to this literature by demonstrating that not only are these medications not regularly prescribed at discharge, but in the 6-month period after an inpatient or outpatient exacerbation, a substantial number of patients still do not receive these therapies.
We identified a number of predictors with reduced odds of receiving additional therapy. The decreased odds associated with greater age and comorbid conditions such as depression or chronic heart failure may represent ageism or the effect of competing illnesses that shifts attention away from the need for additional COPD treatment. There is sometimes a perception that older patients may benefit less from therapies, though there are no data to support this, and it can lead to health disparities for older patients. Clinicians may also attribute symptoms of COPD to alternate diseases such as heart failure. Likewise, among current smokers, providers may be correctly focusing first on having patients stop tobacco use, although there is little evidence to suggest that smoking modifies the benefits of inhaled therapies for COPD. Nonetheless, these risk factors merit further investigation to explain these disparities.
We were surprised that markers of COPD severity, including previous exacerbation were strongly associated with not receiving additional controller therapy, although in sensitivity analyses, milder severity of airflow obstruction was associated with being less likely to receive additional medications. There are a number of potential explanations. Patients with exacerbations in the year prior to enrollment may have had previous exposure to these medications, and the medications were discontinued more than 1 year prior to entry into the cohort. In addition, patients with exacerbations in the past may have returned to baseline health status, and therefore their clinicians were not prompted to prescribe additional therapy by ongoing symptoms. Clinicians may not be aware of the role of these therapies specifically in decreasing the exacerbation rate. Providers may have been unaware that an exacerbation occurred if it was treated by a different practitioner, one who may have been reluctant to change chronic medications on another physician's patient. Patient preferences in the use of chronic medications and their perceptions of the benefit of these inhalers may have also had an effect.
This study had limitations. First, the data were obtained administratively and reflected care that was received within the VA system, limiting some of the generalizeability outside of integrated health-care systems. Second, it is possible that some of the patients received these longer acting therapies from outside pharmacies. We feel this is unlikely to be common as the majority of patients receiving care within the VA use it as their primary pharmacy resource, and these medications are typically not low copayment medications available through large retail outlets. 23 Third, there were relatively few women and minorities in our cohort, limiting the ability to generalize to these groups. Finally, although we have identified patient-level factors for providing guideline-adherent care, we did not have systems and provider variables, which are key components to enhancing the possibility of providing high quality care.
We defined COPD exacerbations administratively by receipt of specific medical care with the possibility that in the outpatient setting, steroids and/or antibiotics were given to self-treat in case of future exacerbations. However, we found no difference in prescribing practices when we examined only those who were admitted for exacerbations or those who had pulmonary function testing. The three models used to construct the final model were categorized by demographics and health behaviors, comorbid conditions, and markers of disease severity; these included age, BMI, race, smoking status within the past year, number of missed appointments, history of congestive heart failure, hypertension, acute coronary syndrome, diabetes, or depression, history of COPD exacerbation within the past year, canisters of shortacting beta-agonists (SABA) filled, and canisters of ipratroprium filled. See Appendix Table 2 (available online) for details
This study also had a number of important strengths. We utilized data from an entire integrated network of care, therefore increasing the likelihood of complete ascertainment of measures that are not commonly available in settings where care is delivered by multiple independent providers. In addition, we had a large number of patients from a diverse set of VA settings including academically and non-academically affiliated centers. This would decrease the possibility of idiosyncratic prescribing patterns leading to our results. We were able to identify important health behaviors that influence care, including tobacco exposure. We also had the opportunity to perform sensitivity analyses for those subjects who had previous PFTs. It is notable that more of the patients with airflow obstruction on PFTs were on both LABA and ICS in the year prior to the index date. It is possible that this group of patients was referred for PFTs because of being more symptomatic and was therefore on more medications. The presence of airflow obstruction on the PFTs may also have prompted the addition of inhaled therapies. Finally, because our results are within an integrated health-care system, interventions can be targeted to the direct population from which it was derived, thus making the results more easily actionable than if these results were derived from many separate systems of care.
This study demonstrated that among patients treated for COPD exacerbations, there were missed opportunities to potentially reduce subsequent exacerbations by adding treatments known to modify exacerbation risk. We have identified potentially important disparities or targets that deserve greater attention. COPD is the deadliest and most costly respiratory illness in the US, with exacerbations accounting for a significant proportion of symptom burden and health-care costs. 24 Given the frequency of exacerbations, even modest reductions in rates may produce significant benefits in symptom burden, disability, and health-care expenditures. Moreover, in integrated health-care systems, such as the Department of Veterans Affairs, our results suggest a potential opportunity to use advanced informatics systems to address these opportunities by proactively identifying and recommending treatment to mitigate future COPD exacerbation risk.
The VA uses Quality Enhancement Research Initiative (QUERI) programs designed to improve delivery of care for some chronic conditions, but not others, which can lead to less robust adherence for other diseases. Practitioners could benefit from a program such as this to specifically improve COPD treatment. In the future, it may also be useful to use specialists, such as pulmonologists, to identify patients who might qualify for an escalation in therapy, for example, at the time of pulmonary function testing or after COPD exacerbations. Another potential intervention could involve prompting physicians to refer for PFTs at the time of diagnosing a COPD exacerbation to enable disease staging and guideline-adherent therapy. Our results suggest that such interventions need to be tested to assess whether they improve processes, reduce subsequent exacerbations, and improve quality of life among patients with COPD.
